I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Extrahepatic portal vein obstruction (EHPVO) is a vascular disorder of the liver defined by the obstruction and cavernomatous transformation of the main portal vein.\[[@ref1]\] It is characterized by noncirrhotic, presinusoidal, and prehepatic portal hypertension.\[[@ref2]\] EHPVO is the most common cause of portal hypertension and an important cause of major upper gastrointestinal bleeding in children.\[[@ref3][@ref4]\] Although several studies, mostly from the Indian subcontinent, have documented the growth retardation in children with EHPVO,\[[@ref5][@ref6][@ref7][@ref8]\] details of causes of growth failure are not clear. One study demonstrated a normal to high basal growth hormone (GH) coupled with low insulin-like growth factor-1 (IGF-1) suggesting possible GH resistance as a cause of short stature.\[[@ref6]\] Another study reported low IGF-1 and IGF binding protein-3 (IGFBP-3) levels suggesting a similar mechanism, however, GH levels were not estimated.\[[@ref5]\] IGF-1 assays have intrinsic limitations and variability subjected to age, nutritional status, and potential interference of IGFBPs.\[[@ref9]\] Measurement of IGFBP-3 together with the assay of IGF-1 overcomes some of these limitations, and such a combination is a more specific marker of GH status.\[[@ref10]\] To the best of our knowledge, none of the studies has utilized all three hormones (GH, IGFBP-3, and IGF-1) to understand the cause of short stature in these patients. Keeping in view the limitations of the above studies and utility of a combined measurement of GH, IGFBP-3, and IGF-1, the present case--control study was designed. The aim of the present study was to assess the auxological parameters and GH status (using a combination of GH, IGFBP-3, and IGF-1) in children with EHPVO. Since shunt surgery has been found to improve growth in these children;\[[@ref8][@ref11][@ref12]\] we also studied the effect of shunt surgery on these auxological parameters.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Cases and controls {#sec2-1}
------------------

Thirty consecutive children (18 boys and 12 girls) seen at a tertiary care center in North India and diagnosed to have EHPVO were enrolled in the study from May 2012 to December 2014. The diagnosis of EHPVO was based on clinical features, normal liver functions, endoscopic evidence of esophagogastric varices, and ultrasonographic findings of blocked or recanalized portal vein with the formation of portal cavernoma.\[[@ref13]\] The exclusion criteria included: Any other concomitant systemic disease such as tuberculosis, bronchial asthma, hypothyroidism, renal, or cardiac disease; laboratory evidence of hepatitis B or hepatitis C infection; and refusal to participate in the study.

Thirty age and sex matched, well-nourished, healthy children served as controls. The controls were drawn from among the patients' siblings or first cousins. This study was submitted to and approved by the Local Research Ethics Committee.

Clinical workup {#sec2-2}
---------------

A detailed general physical and systemic examination was performed in cases and controls. Height was measured on a wall-mounted stadiometer by one observer throughout the study period, with the patient\'s head held in Frankfurt plane (line connecting the outer canthus of the eyes and the external auditory meatus perpendicular to the long axis of the trunk). Weight was measured on an electronic balance with digital display with a minimum division of 100 g. Height and weight indices were expressed as percentiles and standard deviation scores (SDS) calculated from growth charts described by Agarwal *et al*., these charts from India provide an index of deviation from national standards in growth from birth to 18 years.\[[@ref14][@ref15]\]

Laboratory workup {#sec2-3}
-----------------

At the baseline, detailed hemogram, urine analysis, serum biochemistry (liver and kidney function), and coagulogram were obtained in patients and controls. Hormonal workup included measurement of GH, IGF-1, and IGFBP-3 for both patients and controls. A fasting serum sample was taken for GH, IGF-1, and IGFBP-3 and samples were preserved at −30C until processed. GH assay was done by chemiluminescence immunometric assay on Beckman Coulter DXI 800, IGF-1 assay was done by RAYBIO^®^ Human IGF-1 Elisa Kit protocol, and IGFBP-3 was done by RAYBIO^®^ Human IGFBP3 Elisa Kit Protocol. The intra-assay and inter-assay coefficient of variation of IGF-1/IGFBP-3 assays was \<10% and \<12%, respectively.

Shunt surgery {#sec2-4}
-------------

Twelve cases underwent shunt surgery. Shunt procedures were performed by a single experienced surgeon. Proximal splenorenal shunt was performed which involved removal of the spleen with end-to-side anastomosis of the end of the splenic vein to the side of the left renal vein. In these 12 cases, we compared the growth parameters before surgery with those of 2 years after surgery.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Thirty patients with EHPVO (18 males and 12 females) and thirty controls patients (18 males and 12 females) participated in the study. The cases and controls were similar regarding age. The mean age of cases was 12.43 ± 4.12 years and that of controls was 13.77 ± 3.02 years. Eighteen out of thirty patients had height \<5^th^ percentiles as against one in controls indicating growth retardation in 60% of the cases as against 3% in controls. Similarly, twenty out of thirty patients had weight \<5^th^ percentiles as against two in controls. The mean height SDS (HSDS) of children with EHPVO was significantly less than those of controls (−1.797 ± 1.146 for cases and −0.036 ± 0.796 for controls; *P* \< 0.0001). Similarly, the mean weight SDS (WSDS) of children with EHPVO was significantly less than that of controls (−1.258 ± 0.743 for cases and −0.004 ± 0.533 for controls; *P* \< 0.0001).

The mean fasting GH level was significantly higher in patients as compared to controls, (*P* \< 0.001). Both the mean fasting IGF-1 and IGFBP-3 levels were significantly lower in patients as compared to controls (*P* \< 0.001 for both) \[[Table 1](#T1){ref-type="table"}\]. The mean fasting IGF-1 level of cases was 100.25 ± 35.93 ng/ml while that of controls was 233.53 ± 115.06 ng/ml. Similarly, the mean fasting IGFBP-3 levels of cases were 2976.53 ± 1212.82 ng/ml while that of controls was 5183.28 ± 1531.28 ng/ml. The growth parameters and growth-related hormone profile in patients and controls are shown in [Table 1](#T1){ref-type="table"}.

###### 

Growth parameters and growth-related hormone profile in patients and controls
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Of the 30 patients, 12 underwent shunt surgery. In these 12 cases, we compared the growth parameters (HSDS and WSDS) before surgery with those of 2 years after surgery. The mean HSDS significantly improved from −2.08 ± 1.31 before surgery to −1.28 ± 0.73 after surgery. The WSDS similarly improved from −1.536 ± 0.65 before surgery to −0.86 ± 0.23 after surgery.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

EHPVO is the most common cause of noncirrhotic portal hypertension in India \[[@ref16]\] and accounts for 40% cases of portal hypertension in children.\[[@ref17]\] Previous studies from India have reported the growth retardation in patients with EHPVO compared with age- and sex-matched controls.\[[@ref5][@ref6][@ref7][@ref8]\] In the study by Sarin *et al*.,\[[@ref7]\] 51% of children with EHPVO had stunted growth as against 16% of controls (*P* \< 0.01). Mehrotra *et al*.\[[@ref6]\] in a study of 33 patients reported that 54.5% of patients were below the 5^th^ percentile in height. In another Indian study, more than one-third of children with EHPVO had height and/or weight Z-scores more than two standard deviations below the mean.\[[@ref8]\] Another Indian study reported that six of the twenty (30%) patients of EHPVO younger than 18 years were below the 5^th^ percentile in height.\[[@ref5]\] Our results are consistent with other Indian studies. In our study, the HSDS and WSDS of cases were significantly lower than that of controls. In addition, in the present study, growth retardation was seen in 60% of our patients. Bellomo-Brandão *et al*.\[[@ref18]\] in a retrospective analysis of 24 patients with EHPVO reported that EHPVO was not associated with growth impairment; however, this study lacked a control group. The comparison of our study with other studies is shown in [Table 2](#T2){ref-type="table"}.

###### 

Summary of main findings on EHPVO and growth parameters

![](IJEM-20-763-g002)

The causes of growth retardation in children with EHPVO are not completely understood. Portal venous congestion of the gut, concurrent malabsorption, and anorexia from splenomegaly may contribute to poor nutrition and growth in extrahepatic portal hypertension. In a study of 11 children with prehepatic portal vein obstruction, the ability of the small gut to absorb specific monosaccharides was reduced.\[[@ref19]\] Studies have yielded contradictory results about the role of deficient nutritional intake in these patients.\[[@ref6][@ref7]\]

For diagnosing GH deficiency, the combination of IGF-1 and IGFBP-3 has a markedly better sensitivity and specificity (sensitivity 97% and specificity 95%) as compared to IGF-1 alone.\[[@ref10][@ref20]\] Few studies have evaluated GH-IGF-1 axis in patients with EHPVO. Mehrotra *et al*.\[[@ref6]\] reported a pattern of elevated GH and decreased IGF-1 levels suggesting a state of GH resistance. Another study involving 52 patients of EHPVO reported low IGF-1 and IGFBP-3 levels, suggesting a similar mechanism; however, they did not estimate GH levels.\[[@ref5]\] In our study, we studied a combination of IGF-1, IGFBP-3, and GH. We documented high GH, low IGF-1, and low IGFBP-3 levels in EHPVO cohort compared to sex- and age-matched healthy controls. Thus, our study suggests that GH resistance is responsible for growth retardation in patients with EHPVO. GH resistance has been documented in previous studies on adults with portal hypertension caused by cirrhosis,\[[@ref21][@ref22]\] as well as in children with chronic liver disease, with or without portal hypertension.\[[@ref23]\] The cause of GH resistance in EHPVO is elusive. EHPVO has been shown to result in diminished portal blood flow,\[[@ref24]\] and this has been demonstrated in cirrhotic patients to result in decreased insulin delivery to the liver.\[[@ref25]\] There is also evidence from animal studies that portal vein ligation leads to poor hepatic growth, as well as mitochondrial dysfunction during the phase of decreased hepatic blood flow.\[[@ref26]\] This may result in GH receptor defect or a postreceptor signaling defect.

Effect of shunt surgery {#sec2-5}
-----------------------

Twelve patients underwent proximal splenorenal shunt. In these patients, we documented a significant improvement in height and WSDS, 2 years after shunt surgery. Few studies have reported the effect of shunt surgery on growth parameters in children with EHPVO. A striking increase in growth velocity after portosystemic shunt surgery for extrahepatic portal hypertension was first reported in 1983 by Alvarez *et al*.\[[@ref11]\] In a randomized, controlled study, Kato *et al*.\[[@ref12]\] reported that children with EHPVO who underwent shunt surgery had a significant improvement in growth compared with children who did not undergo surgery. Finally, in a study of thirty children with EHPVO, 76% showed improvement in height Z-scores compared to their presurgical scores after shunt surgery.\[[@ref8]\]

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

We documented that the height and weight SDSs of children with EHPVO were significantly lower than that of sex- and age-matched controls. Evaluation of GH-IGF-1 axis revealed GH resistance responsible for growth retardation in these patients. Finally, in 12 patients, who underwent shunt surgery, a significant increase in weight and height SDS was seen after shunt surgery.

Limitations {#sec2-6}
-----------

A small sample size may be a limitation, however even the sample size of sixty (thirty cases and thirty controls) was sufficient to draw the aforementioned conclusions. The strength of the study lies in complete evaluation of GH-IGF-1 axis
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